Introduction {#sec1-1}
============

By entering the engineering science to the medical field, we can see a lot of developments in this field which help the patients and medical science. It is crystal clear that losing teeth has undeniable effects on the patients' aesthetic, and their confidence. The factors such as impact and accident in any age may lead to loss of the human's natural teeth; therefore, to have self-confidence and for cosmetic concerns people decide to plant and replace the artificial tooth.

Based on the conducted researches, the portability success of the implant procedure has been announced between 92 to 97 percent \[[@ref1]\]; nevertheless, several factors are involved in the failure of the implant and commonly aging is the most important of them. Also, various factors are effective on the consistency and suitability of the implant, among which being the type of thread and its design \[[@ref2],[@ref3]\]. As appropriate design can reduce the stress or its distribution can be homogenized, it would be more probable to increase the success of the implant. The failure factors include lack of junction of the implant with the adjacent bone and the excess loads as well as weak health of the mouth and tooth \[[@ref4]\].

Considering the biomechanical principles in the implant of the tooth provides the possibility of a better remedy design for patients and dentists. The forces imposed on the implant lead to increase in the stress on it. The type of the load exerted on the implant is effective on the mode distribution of stress. The excess exerted load surrounding the implant causes very small cracks in the bone that leads to loosening and probable breaking of the implant. If as far as possible the forces are exerted vertically to the implant axis, less stress will be imposed on the bone adjacent to the implant \[[@ref5]\]. So far, various studies have been conducted on the effects of implant design on distribution of stress and strain surrounding the implant bone. Schrotenboer *et al*. \[[@ref6]\] conducted a study on the effect of the platform and tiny teeth on the changes in the level of bone stress by using the finite element.

Ao *et al*. \[[@ref7]\] conducted a study on the optimal design of the width and height of the thread, investigating the maximum displacement of the cylindrical implants by using the finite element method. Abuhussein *et al*. \[[@ref2]\] also conducted a study on the effect of implant threads assessing thread screw, thread geometry, helix angle, thread lifetime and its width, all of which were effective on the stability of the implant. Various studies have confirmed the advantages of using the thread at the neck of the implant in terms of implant contact and the bone and maintaining the marginal bone area \[[@ref3]\]. Several researches have been carried out on treatment through the method of finite element; however, among them, no study has been published on the effect of implant thread type on the distribution of stress on the bone surrounding the implant under the impact of loading yet.

This study aimed to do an accurate review on three different thread design, so that a full recognition would be obtained from the mode of their stress on the jawbone. By using the results of this study, the choice of the implant for patients and dentists is done easier and more accurate.

Materials and Methods {#sec1-2}
=====================

In this study, a three-dimensional model of the bone was designed using CBCT of an old patient by Mimics 10.01 software ([Figure 1](#JDB-3-233-g001.tif){ref-type="fig"}). In this design, the bone is designed in the form of dual layer: 1-cortical (outer layer) and 2-trabecular (inner layer). The thickness of the cortical layer was considered 0.75 mm and trabecular 11.74 mm since the cortical bone as a compact shell covers the central part of the trabecular bone.

![The three-dimensional view of the bone by the Mimics 10.01 software](JDB-3-233-g001){#JDB-3-233-g001.tif}

The articles have suggested several methods for implant modeling \[[@ref1]-[@ref5]\]. The modeling of the implant in some studies is in the form of a simple cylinder \[[@ref2]\]. Some have used the obtained data of CT scan of patients' jawbone and transferred them to those from the scan to the software design \[[@ref8]\]. The used implants in this study were selected from DENTIS Company (951,Woram-Dong, Dalseo-Gu, Daegu, South Korea). The implants with a length of 10 mm and a diameter of 4.1 mm were used for placing in the jawbone. ([Figure 2](#JDB-3-233-g002.tif){ref-type="fig"} and [Figure 3](#JDB-3-233-g003.tif){ref-type="fig"}).

![The implants designed in Solid works software](JDB-3-233-g002){#JDB-3-233-g002.tif}

![The placement of the implants and abatement in the bone](JDB-3-233-g003){#JDB-3-233-g003.tif}

*The analysis of the finite element* {#sec2-1}
------------------------------------

In this study, three different types of implants with various threads and one kind of abutment in the explicit dynamic loading depending on time (impact loading) were studied at the angels of 0° (Axial loading) and 90 ° (Bending loading). First group: Straight implant, second group: Tapered implant, third group: Tapered II implant.

The designed models in the Solid Works software were transferred to ANSYS Work bench 14 software to do the finite element analysis. One of the factors causing differences in the results of various analyses is the characteristics of the materials attributed to different components and geometry.

These materials can be introduced in the form of isotropic, anisotropic and orthotropic. The first step for starting the analysis is importing the data related to the mechanical properties of the materials used in the analysis. In this study, the same as many other articles \[[@ref9]-[@ref11]\], the behavior of all materials such as bone and implant in the form of isotropic and linear elastic have been introduced. The properties of materials such as elastic modulus, the Poisson's coefficient and density based on [Table 1](#T1){ref-type="table"} were defined for this software [Table 1](#T1){ref-type="table"}.

###### 

The mechanical properties of the materials used in the study

  Material          Elastic Moduls (GPa)   Possion Ratio(V)   Density (g/cm^-3^)
  ----------------- ---------------------- ------------------ --------------------
  Titanium          110                    0.35               4.5
  Cortical Bone     1.34                   0.30               0.71
  Trabecular Bone   0.15                   0.30               1.86

After transferring the model to the ANSYS software and attribution of the material properties to its different parts, it was meshed uniformly. Identifying the type and size of the elements in an object is the main point of analysis process. Due to the application of tetrahedron three dimensional elements in the objects with complication geometries, in this study the Solid 187 element was used for meshing the different parts.

Solid 187 is a tetrahedral three dimensional element with 10 nodes. Each node in three directions of X, Y, Z can be replaced and because of the existence of 10 nodes, it has a very high ability in matching with figures and compound geometries. This type of element is used for studying the behavior of stress and strain, plastic and hyper-elastic in the complicated geometries and the three dimensional analysis. Noobacky and Sanio used this element for meshing in their study \[[@ref12],[@ref13]\]

*Boundary conditions* {#sec2-2}
---------------------

The border conditions have a great effect on the distribution of the forces and results. These conditions can be considered as immobile or mobile. The mandible in terms of the border conditions is quite different from the maxilla. In the mandible, the displacement rate is defined in the conditions of being as an abutment because of its mobility and the border conditions for the maxilla have been considered in fixed form.

*Loading simulation* {#sec2-3}
--------------------

The rate and direction of force in different dental models according to the age, gender, type of tooth, etc. are different. In the explicit dynamic analysis to simulate an axial and the bending loading, a rigid body with the speed of 1 mm/s has struck to implant vertically and horizontally (Figures [Figure 4](#JDB-3-233-g004.tif){ref-type="fig"} and [Figure 5](#JDB-3-233-g005.tif){ref-type="fig"}).

![Imposing the bending loading towards the implant](JDB-3-233-g004){#JDB-3-233-g004.tif}

![Imposing the axial loading towards the implant](JDB-3-233-g005){#JDB-3-233-g005.tif}

Results {#sec1-3}
=======

The force imposed on the object is called "impact load" that is exerted within short time. The analysis of the impact load is timely and non-linear. In this study, as the aim was to assess the effects of thread type on the stress distribution of the bone and implant.

*Axial Loading Simulation* {#sec3-1}
--------------------------

In the analysis of axial load impact, the maximum imposed stress to the different bone layers as well as the implant can be observed in [Table 2](#T2){ref-type="table"}. In this regard, the minimum value belongs to the third group and its value is 0.8 MPa and the maximum stress occurred in the first group and its value is 2.4 MPa which is two times more than the stress in the third group.

In the axial loading, the maximum stress in trabecular bone occurred in the second group with 8.7 MPa and the minimum amount was observed in the first group with the amount of 4.3 MPa. In the third group the maximum stress in the Trabecular layer was 6.7 MPa ([Table 2](#T2){ref-type="table"}).

###### 

The maximum amounts of stress imposed on various layers of the bone and implant in the axial loading (MPa)

                            Cortical Bone   Trabecular Bone   Implant Titanium
  ------------------------- --------------- ----------------- ------------------
  First group: Straight     2.4             4.3               82.1
  Second group: Tapered     0.8             8.7               187.4
  Third group: Tapered II   0.8             6.7               85.3

According to the stress distribution pattern on the trabecular bone layer among the analyzed models, the location of maximum amount of stress in the first and third groups was the same: at the lowest part of the implant in the trabecular bone ([Figure 6](#JDB-3-233-g006.tif){ref-type="fig"}). Nevertheless, in the case of the second group, this location was at the junction of cortical and trabecular bone ([Figure 7](#JDB-3-233-g007.tif){ref-type="fig"}).

The behavior and performance of different models of thread and implant system in the trabecular bone layer is shown in [Figure 8](#JDB-3-233-g008.tif){ref-type="fig"}; according to this figure, the first and third groups showed similar behaviors

![The distribution pattern and place of maximum stress on the trabecular bone layer in the first group](JDB-3-233-g006){#JDB-3-233-g006.tif}

![The distribution pattern and place of maximum stress on the trabecular bone in the second group](JDB-3-233-g007){#JDB-3-233-g007.tif}

![Comparison of behavior in various models of thread regarding the stress distribution on the trabecular bone in the axial loading](JDB-3-233-g008){#JDB-3-233-g008.tif}

*Bending Loading Simulation* {#sec3-2}
----------------------------

In the horizontal impact analysis, the maximum amount of stress on different layers of the bone as well as the implant is depicted in [Table 3](#T3){ref-type="table"}. The bending loading of the first group had maximum stress with the amount of 1.6 MPa; also, minimum stress was imposed on the second group with the amount of 0.7 MPa to the cortical bone.

The third group experienced 1.1 MPa stress on the cortical layer. The stress distribution pattern in this bone layer in all models was the same and its maximum amount was imposed on the first contact area of the implant and bone ([Figure 9](#JDB-3-233-g009.tif){ref-type="fig"}, [Table 3](#T3){ref-type="table"}).

In the layer of trabecular bone, no significant difference was observed between the imposed stress in the first and third groups, but the second group exerted the maximum stress with the amount of 7.4 MPa.

Regarding the stress distribution pattern between different models of thread, the first and third groups showed a similar pattern and the location of maximum stress in the bending loading was similar to the axial loading at the bottom part of implant ([Figure 6](#JDB-3-233-g006.tif){ref-type="fig"}).

The stress distribution behavior in various thread groups in the cortical bone is displayed in [Figure 10](#JDB-3-233-g010.tif){ref-type="fig"}.

###### 

The maximum stress on different layers of the bone and implant under the bending loading

                            Cortical Bone   Trabecular Bone   Implant Titanium
  ------------------------- --------------- ----------------- ------------------
  First group: Straight     1.6             5.2               75.9
  Second group: Tapered     0.7             7.4               126.9
  Third group: Tapered II   1.1             5.1               53.8

![The stress distribution pattern on the cortical bone in the bending loading](JDB-3-233-g009){#JDB-3-233-g009.tif}

![The comparison of stress distribution on the cortical bone in bending loading for various thread design](JDB-3-233-g010){#JDB-3-233-g010.tif}

Discussion {#sec1-4}
==========

The finite element is analyzed in two or three- dimensional form. The choice of two or three- dimensional analysis depends on the complication of the model, the required accuracy rate, application of the results and complication of the structures in the analysis. Based on the results of a study conducted by Meijer, it has been recommended that the two dimensional model should not be used for analysis of the stress on the implant \[[@ref14]\]. The difference between modeling in our study and the previous conducted studies is the mode of simulation of software environment with laboratory conditions. In this study, the jaw bone was modeled in an actual form because the figure and geometry of the bone in the mouth and implant system as well as distribution of stress can be effective.

Ozen *et al*. \[[@ref15]\] in their study assessed the effect of various materials on the distribution of stress on the implant by using the three dimensional finite element methods. They recommended that the minimum number of elements and nodes for analyzing the stress of the jaw and implant should be 30000 and 200000, respectively. The dimension at which these numbers of elements and nodes are applied should be taken into account. In our study, because of the implication and presence of various layers, in the design of the analyzed model 725047 elements and 1133167 nodes were applied. Change *et al*. \[[@ref16]\]. in their study assessed the effect of thread deep, figure and length of the cone on the mini implant and found that as the depth of the thread was more, it was more resistance against the exit and replacement.

Schrotenboer *et al*. \[[@ref6]\] conducted a study and concluded that the implants with tiny thread in their neck exert more stress on the bone compared to the implant with smooth neck. The result of the mentioned study is consistent with that of the present study. Abuhussein *et al*. \[[@ref2]\] found that as the contact area of the implant increased, the stress distribution was more desirable; also, when the ability of the bone for maintaining the stability of the implant and the resistance against the stress was weak, using an implant with the deeper thread can resolve this problem.

These results are consistent with those of the current study. Nokar *et al*. \[[@ref17]\] in their study indicated that the cylindrical implant leads to creation of less stress in the contact area of the implant and bone which is in agreement of our current study. Kang *et al*. \[[@ref18]\] in their study of "the effect of implant thread size on its adjacent bone atrophy" used two implants. One was with two types of thread ( a tiny thread above the implant and a bigger one at the bottom of it ) and the other with one type of thread. No significant difference was found between the samples. They found that up to one year after treatment the threads had no any significant effect on the atrophy of the implant's adjacent bone \[[@ref18]\]. Their results were in contrast with that of the present study \[[@ref18]\]. They studied two implants with similar conditions but different in the thread step in the upper part of the implant clinically within one year after planting the implant in the jaw. One year after planting the implant, they found that during this time, the type of the threads used has not any acceptable effect on the atrophy rate of the implant's adjacent bone \[[@ref18]\]. While according to the results of present study there was no significant difference between these two types of implant.

Conclusions {#sec1-5}
===========

Although the real model of the patient's jaw has been designed in this study and the implants has been modeled with high accuracy, based on engineering principles, choosing the appropriate type of implant is a difficult task. One of the effective parameters that induce stress to the implant, is thread design. In this study the three implant systems were qualified for loading because the level of stress and strain was in acceptable range .Therefore the studied implants could be inserted according to the conditions and the needs of the patient. According to the results of this study the following conclusions are drawn:

1.The implant with smaller threads and the less pitch length leads to an increase of stress on the trabecular bone and implant.

2.Due to increase of its contact area with the bone, the implant with deeper thread, leads to an increase of the implant's stability.

3.The equal pitch length, but different thread depth, had no significant effect on distribution of stress to the implant's adjacent bone.

4.The upper thread of the implant which is near the implant neck, in comparison with the lower threads, plays an important role in the distribution of stress; as a result, this part of the design should be more taken into account.
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